PTO 03-4438 



CY=JA DATE=19900309 
PN=02-070406 



KIND=A 



DIE HEATING/COOLING TEMPERATURE CONTROL DEVICE 
[Kanagata kanetsu reikyaku ondo seigyo souchi] 



Akiyoshi Eguchi, et al . 

CD 

CO 

== 

Q 

C[ 

<D 

O 

O 

73 



UNITED STATES PATENT AND TRADEMARK OFFICE 
Washington, D.C. July 2003 



Translated by: FLS, Inc. 



PUBLICATION COUNTRY (19): 

DOCUMENT NUMBER (11): 

DOCUMENT KIND (12): 

PUBLICATION DATE (43): 

APPLICATION NUMBER (21): 

APPLICATION DATE (22): 
INTERNATIONAL CLASSIFICATION (51): 

INVENTORS (72) : 

APPLICANT (71) : 

TITLE (54) : 

FOREIGN TITLE (54A) : 



JA 

02070406 

A [PUBLISHED UNEXAMINED 
APPLICATION] 

19900309 

630222327 

19880907 

B 29 C 33/04 



EGUCHI, AKIYOSHI; 
TAKAGI, MASAO; 
INAGE, HI SAO; 
YATSUDA, NORIO 

HITACHI, LTD. 

DIE HEATING/COOLING TEMPERATURE 
CONTROL DEVICE 

KANAGATA KANETSU REIKYAKU ONDO 
SEIGYO SOUCHI 



1 



SPECIFICATION / 39* 

1. Title of the Invention 

Die Heating/Cooling Temperature Control Device 

2 . Claims 

1. A die heating/cooling temperature control device comprising 
multiple heat medium tanks for selectively supplying heat mediums that 
have been set at multiple temperatures to a molding die, temperature 
adjusting means for the heat mediums, pressure pumps, and shut-off valves 
for selectively supplying the heat mediums characterized by 

independent heat medium passages being provided to multiple cavities, 
fine adjusting heaters and temperature sensors being provided to the inlet 
sides of the above heat medium passages , temperature sensors being provided 
to the outlet sides of the same, and flow amount control valves being 
provided to the inlet sides or outlet sides of the same, and also 
characterized by being provided with a control device that drives said 
fine-adjusting heaters and flow amount control valves so that the outputs 
of the inlet-side sensors and the outputs of the outlet-side sensors become 
the same between the cavities or so that the outputs of the outlet-side 
and inlet-side sensors become the same. 

2 . A die heating/cooling temperature control device of Claim 1 
characterized by being provided with a control device that drives the 
above-mentioned fine-adjusting heaters and flow amount control valves 
in a manner such that the difference between the outputs of the inlet-side 
sensors and the difference between the outputs of the outlet-side sensors 

* Numbers in the margin indicate pagination in the foreign text. 
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or the differences between the outputs of the outlet-side and inlet-side 
sensors will match a set value. 

3 . A die heating/cooling temperature control device of Claim 1 
characterized by being provided with a control device that stores the 
outputs of the inlet-side sensors and outlet-side sensors during one cycle 
and that, by using these output values as set values, drives the 
above-mentioned fine-adjusting heaters and flow amount control valves 
in a manner such that the outputs of the inlet-side sensors and the outputs 
of the outlet-side sensors or the differences between the outputs of the 
outlet-side and inlet-side sensors will match the above-mentioned set 
value in the cycles thereafter. 

4. A die heating/cooling temperature control device of Claim 1, 2, 
or 3 characterized by being provided with a control device that is for 
synchronizing the operations of the above shut-off valves and the operation 
of the molding machine. 

3 . Detailed Explanation of the Invention 
[Field of Industrial Application] 

The present invention pertains to die heating/cooling temperature 
control devices equipped with multiple cavities for plastic molding, 
specifically to die heating/cooling temperature control devices /40 
suitable for accurately controlling the temperature inside the die and 
for reducing the temperature differences between the cavities. 
[Prior Art] 

In multi-cavity molding designed to increase productivity, making 
the die temperatures between the cavities even is an essential condition 
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for reducing the variation in the molded articles. 

Furthermore, plastic molded articles, such as plastic lenses, are 
required to have a high thickness ratio between the thick part and thin 
part and also to have high precision and little internal strain. 

For this reason, it is necessary to prevent orientation distortion 
from occurring in the resin filling process by keeping the die at a high 
temperature and by reducing the flow resistance of the molten resin. 

Moreover, in the forming process, it is necessary to prevent 
orientation distortion from occurring by gradually cooling the die 
temperature and by making the cooling solidification even. 

As stated in, for example, Kokai No . 58-215309 , a die temperature 
control device utilized in conventional heating and cooling comprises 
a high- temperature medium tank, a low- temperature medium tank, their 
pressure pumps, and a shut-off valve, and it controls the heating and 
cooling inside the die by selecting a heat medium. 

Moreover, as a die structure in which the temperatures of the cavities 
are equalized in multi-cavity molding, there is one in which heat medium 
passages are connected and made into ladder-like passages as indicated 
in, for example, Kokai No. 59-39510. 

Figure 7 is a drawing for explaining a conventional die 
heating/cooling temperature control device, (a) is a schematic diagram 
in which [1] is a high- temperature tank and [2] is a low- temperature tank. 
The high- temperature tank [1] is provided with a heater [3] as a temperature 
adjusting means, a temperature sensor [4], a pressure pump [5], a 
supply-side shut-off valve [6], and a return-side shut-off valve [7]. 
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The low- temperature tank [2] is provided with a cooler [8] as a temperature 
adjusting means, a temperature sensor [9] , a pressure pump [10] , a 
supply-side shut-off valve [11] , and a return-side shut-off valve [12] . 

There are two cavities, [14] and [15], inside the die [13], and each 
has a heat medium passage, [16] or [17], provided to it. 

Moreover, [29] and [30] are relief valves for making the heat medium 
supply pressure constant, and [31], [32], [33], and [34] are check valves 
for controlling the flow direction. 

(b) of the same figure is a control conceptual drawing in which [26] 
is a control device. By controlling the heater [3] and cooler [8] based 
on the outputs of the temperature sensors, [4] and [9], the heat mediums 
inside the high- temperature tank [1] and low temperature tank [2] are 
controlled to be at a prescribed temperature. It also controls the shut-off 
valves, [6], [7], [11], and [12], and flow control valves, [24] and [25], 
in synchronization with the operation of the molding machine [27] . 
[Problem that the Invention is to Solve] 

In the above conventional technique, since the temperature 
differences between the cavities in the heating and cooling of the die 
are not taken into consideration, variations in the sizes of the molded 
articles occur among the cavities, and the yield of the molded articles 
drops significantly. 

In order to prevent the temperatures of the cavities from being 
different from one another, it is effective to measure and control the 
flow and temperature of the heat medium that runs through the passage 
provided to each cavity. 
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However, a device that measures the flow of a heat medium at a high 
temperature, such as 200 S C or higher, is very expensive, and it is 
impossible to measure and control the flows of many cavities. 

The purpose of the present invention is to supply a die 
heating/cooling temperature control device for plastic molding capable 
of molding plastic lenses having superb optical performance in 
multi-cavity molding at a high efficiency and inexpensively. 
[Means for Solving the Problem] 

The above purpose can be achieved by controlling flow control valves, 
which are provided to the heat medium supply passages running from the 
die temperature adjuster to each cavity or provided to the return passages 
running from each cavity to the die temperature adjuster, and by 
controlling heaters provided to the supply passages by means of sensors 
that are provided to the inlets and outlets of the heat medium passages 
of the die and that measure the temperature of the heat medium. 
[Operation of the Invention] 

The present invention was achieved by focusing on the temperature 
and flow amount of the heat medium that is made to flow into each cavity 
of a die, specifically by focusing on the flow amount of the heat medium 
running through each cavity and the temperature differences between the 
heat mediums at the inlet side and outlet side of each cavity. 

An inlet-side fine-adjusting heater of the heat medium passage of 
each cavity is operated in a manner such that it makes the temperatures 
of the injected heat mediums match by being controlled based on the output 
of said inlet-side temperature sensor. /41 
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Moreover, the flow amount control valve provided to each cavity is 
controlled based on the output of the outlet-side temperature sensor of 
the heat medium passage of each cavity and is operated in a manner such 
that it matches the differences between the inlet-side and outlet-side 
sensor outputs or the outlet-side sensor outputs. 

As a result of the above operation, it becomes possible to make the 
temperatures and flow amounts of the heat mediums that are injected into 
the heat medium passages of the cavities match. 

By this, the temperatures of the cavities are matched, the sizes 
of the molded articles can be prevented from varying among the cavities, 
and the yield of the molded articles can be increased. 
[Working Examples] 

In the following, working examples of the present invention will 
be explained by using figures. 

Figure 1 is a drawing for explaining one working example of the die 
heating/cooling temperature control device of the present invention, and 
reference numerals that are identical to those of Fig. 7 indicate the 
same components . 

(a) of the same figure is a schematic drawing, in which the heat 
medium passages, [16] and [17], are respectively provided with 
fine-adjusting heaters, [18] and [19], temperature sensors, [20] and [21], 
on the inlet side, and temperature sensors, [22] and [23], on the outlet 
side . 

(b) of the same figure is a control conceptual drawing. [26] is a 
control device that controls the heat mediums inside the high-temperature 
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tank [1] and the low- temperature tank [2] to be at a prescribed temperature 
by controlling the heater [3] and the cooler [8] based on the outputs 
of the temperature sensors, [4] and [9] . It also controls the heaters, 
[18] and [19] , based on the outputs of the temperature sensors, [20] and 
[21], controls the flow amount control valves, [24] and [25], based on 
the temperature sensors, [22] and [23], and controls the shut-off valves, 
[6], [7], [11], and [12], and flow amount control valves, [24] and [25], 
in synchronization with the operation of the molding machine [27] . 

The operation of Fig. 1 to obtain a die temperature pattern such 
as that indicated in Fig. 2 will be indicated below. 

Figure 2 is a die temperature change pattern with respect to time 
and a chart explaining the operation of each shut-off valve and flow control 
valve, and [28] is the die temperature of, for example, a cavity [14] . 

The die temperature pattern is set so that heating from the 
temperature [Ti] to the temperature [T 2 ] is carried out in the time interval 
[a] , the temperature is kept at the temperature [T 2 ] during the time 
interval [b] , cooling from the temperature [T 2 ] to [T x ] is carried out 
in the time interval [c] , and the temperature is kept at the temperature 
[Ti] during the time interval [d] . 

Then, the heat medium temperature inside the high- temperature tank 
[1] is set to be a temperature that is sufficiently high compared to [T 2 ] , 
and the heat medium temperature inside the low- temperature tank [2] is 
set to be a temperature that is sufficiently low compared to [T x ) . 

During the time interval [a], the shut-off valves [6] and [7] are 
opened, the shut-off valves [11] and [12] are closed, and the flow amount 
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control valves, [24] and [25] , are made to let a large amount flow through 
them. Thus, a large amount of the heat medium inside the high- temperature 
tank is allowed to flow into the heat medium passages, [16] and [17] , 
to heat the cavities, [14] and [15] . 

Next, during the time interval [b] , the shut-off valves, [6] , [7] , 
[11], and [12], are handled in the same way as in the time interval [a], 
and the flow amount control valves, [24] and [25] , are made to let a small 
amount flow through them. Thus, the cavities, [14] and [15], are kept 
at the temperature [T 2 ] . Next, during the time interval [c] , the shut-off 
valves [6] and [7] are closed, the shut-off valves [11] and [12] are opened, 
and the flow amount control valves, [24] and [25] , are made to let a large 
amount flow through them. Thus, a large amount of the heat medium inside 
the low- temperature tank is allowed to flow into the heat medium passages, 
[16] and [17], to cool down the cavities, [14] and [15]. 

Next, the operations of the fine-adjusting heaters, [18] and [19], 
the flow amount control valves, [24] and [25] , and the temperature sensors, 
[20] , [21] , [22] , and [23] , that are for reducing the temperature variation 
between the cavities, which is the purpose of the present invention, will 
be explained. 

When the temperature is adjusted by means of the conventional die 
heating/cooling temperature control device shown in Fig. 7, a heating 
or cooling speed difference, [8j or [8i']» and/or a die temperature 
difference [8 2 ] occurs, as indicated in Figure 3. In this case, [28] and 
[28'] are, for example, the temperatures of the cavities, [14] and [15]. 
The causes of these differences are the differences between the 
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temperatures and flow amounts of the heat mediums that flow into the heat 
medium passages, [16] and [17], of the cavities, [14] and [15]. 

In order to control the temperature of the injected heat medium, 
the structure was designed so that the temperatures of the heat mediums 
that flow into the heat medium passages, [16] and [17], of the cavities, 
[14] and [15], are measured by the temperature sensors [20] and [21], 
and also so that the fine-adjusting heaters, [18] and [19] , are operated. 

In this working example, the heat medium having the lower temperature 
is determined in each of the heating, retaining, and cooling processes 
by using, for example, the outputs of the temperature sensor [20] as a 
reference temperature. The output of the fine-adjusting heater [18] of 
the cavity of this reference temperature side, such as the [14] side, 
is controlled to be zero, and the output of the fine-adjusting heater 
[19] of the cavity of the other side, such as the [15] side, is controlled 
in proportion with the difference between the reference temperature and 
the injected heat medium temperature, which is, for example, the output 
of the temperature sensor [21] . 

The temperature differences from the reference temperature and the 
fine-adjusting heater outputs are indicated in Fig. 4. Furthermore, as 
another control method, there is a method in which the cavity that 7 42 
will be at the reference temperature is determined, the output of this 
cavity's fine-adjusting heater is made to be 50% of the rated output, 
and the outputs of the other cavities' fine-adjusting heaters are made 
to be in proportion with the difference from the reference temperature 
as indicated inside the parentheses as numerical values in Fig. 4. 
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Next, in order to control the flow amounts of the heat mediums, the 
temperatures of the heat mediums injected into the heat medium passages, 
[16] and [17], of the cavities, [14] and [15], are measured by means of 
the temperature sensors [20] and [21], and the temperatures of the heat 
mediums flowing out are measured by means of the temperature sensors [22] 
and [23] , and the flow amount control valves, [24] and [25] , are controlled 
based on the temperature differences between the incoming and outgoing 
flows . 

In Fig. 5, the relationship between the temperature difference and 
the heat medium flow amount is indicated in terms of the heat mediums 
at the inlets and outlets. In this case, the temperature difference was 
obtained based on the inlet-side heat medium, and [37] indicates a cooling 
period and [38] indicates a heating and retaining period. 

In a heating process, the cavity, such as [14], that has a small 
absolute value in terms of the heat medium temperature difference is used 
as the reference, and the flow amount control valve [25] of the other 
cavity, such as [15] , is finely adjusted in the direction that reduces 
the flow amount so that the heat medium temperature difference will be 
matched with that of the reference cavity. 

In a retention process, the cavity, such as [14] , that has a large 
absolute value in terms of the heat medium temperature difference is used 
as the reference, and the flow amount control valve [25] of the other 
cavity, such as [15] , is finely adjusted in the direction that increases 
the flow amount so that the heat medium temperature difference will be 
matched with that of the reference cavity. 
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Moreover, in a cooling process, the cavity, such as [14] , that has 
a small absolute value in terms of the heat medium temperature difference 
is used as the reference, and the flow amount control valve [25] of the 
other cavity, such as [15] , is finely adjusted in the direction that reduces 
the flow amount so that the heat medium temperature difference will be 
matched with that of the reference cavity. 

The flow amount is set to the large side for heating and cooling 
and the flow amount is set to the small side for the retention process 
in the above example, and the flow amount control valve is controlled 
at both ends of the range in this case. 

However, if there is a sufficient margin in the control range for 
the flow amount control valves, the absolute value of the heat medium 
temperature difference of a certain cavity should be used as a reference, 
and the heat medium temperature difference of the other cavity should 
be controlled to match that of the reference cavity by reducing the flow 
amount if the absolute value of the heat medium temperature difference 
of the latter cavity is greater than the reference and by increasing the 
flow amount if it is less. 

Moreover, if the temperatures of the heat mediums that are injected 
by the control of said fine-adjusting heaters, [18] and [19] , are matched 
between the cavities, [14] and [15], it is permissible to use the 
outlet-side heat medium temperatures for the fine-adjusting of the flow 
amount control valves, [24] and [25] , instead of the heat medium 
temperature differences between the inlets and the outlets. 
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If the temperatures of the high- temperature tank and low- temperature 
tank are 195 fl C and 50 fl C / respectively, the maximum flow amount is 2 1 /minute, 
the maximum die temperature is 170 fi C, and the lowest temperature is 80 fl C, 
in the past the heating speed was 5i=2 Q C/minute and the die temperature 
was 5 2 =1.5 fi C. By using the die heating /cooling temperature control device 
of the present invention, it is possible to make them 5i=0.5 fi C and 8 2 =0.5 a C. 
As a result, the conventional variation, lOum, in the sizes of the molded 
articles between the cavities could be made to be less than 3um, and the 
molding yield could be increased. 

Figure 6 is an explanatory drawing of another working example of 
the die heating/cooling temperature control device of the present 
invention, and (a) is a schematic drawing and (b) is a control conceptual 
drawing. Reference numerals that are the same as those of Fig. 1 have 
the same functions. [35] of (a) of the same figure is a storage part, 
and it can store the average value of the outputs of the temperature sensors, 
[20] and [22], of a certain cavity, such as [14], or the average value 
of the outputs between the cavities for one cycle and can output it in 
synchronization with the cycle. 

According to (a) of the same figure, in the initial stage, the 
fine-adjusting heaters, [18] and [19] , and the flow amount control valves, 
[24] and [25], are controlled by means of the temperature sensors, [20], 
[21] , [22] , and [23] , and the difference between the incoming temperatures 
and the difference between the outgoing temperatures of the cavities are 
controlled in order to be kept small in the same manner as in the above 
first working example. 
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Then, when the desired die temperature pattern is obtained and the 
temperature differences between the cavities becomes sufficiently small, 
a signal from the exterior is input, and the average value of the outputs 
of the temperature sensors, [20] and [22] , of a certain cavity, such as 
[14] , or the average value of the outputs of the cavities, in other words, 
the average of the outputs of the temperature sensors, [20] and [21] , 
and the average of the outputs of the temperature sensors, [22] and [23], 
obtained during one cycle, is stored by the storage device [35] of (b) 
of the same figure. 

From the next cycle, the output of the temperature sensors stored 
in said storage device [35] is output again in synchronization with the 
cycle, and by using it as the reference value for the temperature sensors, 
[20], [21], [22], and [23], the fine-adjusting heaters, [18] and [19], 
and the flow amount control valves, [24] and [25] , are controlled. As 
a result, it becomes possible to reduce the temperature variation / 43 
between the cavities and to also reduce the temperature variation between 
the cycles. Thus, the variation in the sizes of the molded articles can 
be reduced, and the molding yield can be increased. 
[Effects of the Invention] 

As explained earlier, according to the present invention, the 
differences between the heating/cooling speeds and die temperatures of 
multiple cavities can be reduced without the need for an expensive device 
such as a flow meter, the stability of the sizes of the molded articles 
of the cavities is increased, the molding yield is increased, and a die 
heating/cooling temperature control device that eliminates the 
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shortcomings of the above conventional technique and that has excellent 

features can be supplied. 

4 . Brief Description of the Drawings 

Figure 1 is a drawing for explaining one working example of the die 

heating/cooling temperature control device of the present invention. 

Figure 2 is a die temperature change pattern with respect to time and 

a chart explaining the operation of each shut-off valve and flow control 

valve. Figure 3 is a graph for explaining the die temperature pattern. 

Figure 4 is a graph explaining the relationship between the temperature 

differences from the reference temperature and the outputs of the 

fine-adjusting heaters. Figure 5 is a graph explaining the relationship 

between the heat medium temperature difference between the inlet and outlet 

and the heat medium flow amount. Figure 6 is a drawing explaining another 

working example of the die heating/cooling temperature control device 

of the present invention. Figure 7 is a drawing explaining a conventional 

die heating/cooling temperature control device. 

[1] = high- temperature tank 

[2] = low- temperature tank 

[6] , [7] , [11] , [12] = shut-off valve 

[13] = die 

[14] , [15] = cavity 

[16] , [17] = heat medium passage 

[18] , [19] = fine-adjusting heater 

[20] , [21] , [22] , [23] = temperature sensor 

[24] , [25] = flow amount control valve 

[35] = storage part 
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[Figure 1] 
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Key: 1) high- temperature tank; 2) 
low- temperature tank; 13) die; 
14,15) cavity; 16,17) heat medium 
passage; 18,19) fine-adjusting heater; 
20,21,22,23) temperature sensor; 24,25) 
flow amount control valve; 26) control 
device; 27) molding machine. 
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Figure 4 
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Key: a) Fine -Adjusting Heater Output (%) ; 
b) Fine-Adjusting Heater Rated Output; c) 
Temperature Difference from Reference 
Temperature ( fi C). 
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Key: a) Heat Medium Flow Amount 
(t /minute) ; b) Heat Medium Temperature 
Difference between Inlet and Outlet 
( fi C); 38) (During Heating and 
Retaining) ; 37) (During Cooling) . 
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Figure 6 
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Key: 35) storage part; 26) 
control device; 27) molding 
machine . 



Key: 26) control device; 
27) molding machine. 
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